Diatoms from the type section of the Luisian Stage in central California correlate with the I lowermost part of the Denticulopsis lauta Zone through the lower part of subzone "a"
INTRODUCTION
Although recent studies have questioned the isochroneity of correlations based on benthic foraminiferal assemblages associated with the provincial benthic foraminifera1 stages of Kleinpell (1 938) . benthic foraminifers remain the principal means of dating Cenozoic marine rocks in Californ~a. Crouch and Bukn, (1979) . using calcareous nannofossil biostratigraphy, documented an overlap of Kleinpell's M~ocene benthic foraminiferal stages in the Southern California Continental Borderland. Benthic foraminifera1 assemblages are often greatly controlled by environmental conditions, and McDougall (1979) has reported that the Narizian and Refugian stages of Mallory (1959) are partially coeval, representing specific ecological conditions rather than a difference of time. In response to this problem, micropaleontologists at the U.S.
Geological Survey, Menlo Park, California, have chosen to reevaluate the provincial benthic foraminiferal stages of Kleinpell (1938) by studying in detail the microfossils of the type sections, with initial efforts directed toward the Relizian and Luisian stages.
During April 1979 a field party collected the type sections of the Relizian and Luisian stages in central California. No diatoms were found in Relizian and Luisian strata in Reliz Canyon; however, diatomaceous rocks are common in the type sectlon of the Lulsian Stage in San LUIS Obispo County (Kleinpell, 1938) , and our reconnaissance showed diverse and abundant assemblages.
The preliminary study by Addicott et al. (1978) represents the only published study of microfossils from the type section of the Luisian Stage.] Only a few samples from the actual type section, however, were studied; the majority of samples came from a section along State Highway 58, a few miles to the east. Previous studies by Cushman 11926) and Lipps (1967) were l~mlted to the study of foraminifers from adjacent areas. The preliminary study of the benthic foraminifers {McDougall), planktic foraminifers and coccoliths (Poore), and diatoms (Barron) In Addlcott et al. (1978) prov~ded a framework for collection and study by these workers of the type Luisian section. Although their assignment (in Addicott et al., 19781 of the type Luisian Stage to the early Middle Miocene supports previous assignments of Luisian rocks elsewhere in the state (Lipps, 1967; Lipps and Kalisky, 1972; Wornardt, 1973; Crouch and Bukry, 1979) , a detailed study of the floras and faunas of the type Luisian section is needed for refined correlations and to establish the ecologic conditions.
The type section of the Luisian Stage is situated along "the prominant northwestward-dra~ning gully in the extreme southwest corner of Section 21, T. 28 S., R. 14 E.," in the Wilson Corner 7%-m~nute quadrangle, I However, while present paper was in press. Pmre et al ., 1981 
I
San Luis Obispo County, California (Kleinpell, 1938) (text- fig. 1 ). The base of the section is the horizon of the distinct lithologic change from clay shale to overlying diatomaceous shale, and the top is placed at the base of a prominent, 1.2-m-thick bed of phosphatic siliceous shale (text- fig. 2 ). The base of the section lies between sample L3, which is barren of diatoms, and overlying sample L2, which contains abundant diatoms. Twenty-three samples from the type section, sample L2 through sample L27, were processed for diatoms, as were two overlying samples (L28 and L241 from the Hames Member of the Monterey Formation (text- fig. 2 ).
MATERIALS AND MRHODS
These samples were processed in hydrogen peroxide and hydrochloric acid follow~ng the procedures of Barron (19761. Two strewn slides were prepared from each sample and were examined in entirety at x 500. The first 300 diatoms observed in each sample were tabulated for the~r relative abundance. A species was recorded as abundant if it accounted for greater than 25% of the count, common if 1 E-24% few if 6-1 5%. rare if 1-596, and present 
RESULTS
One hundred four taxa, characteristic of a nearshore marine environment, were recognized in the section (table 1) . Both robust and finely silicified species occurred throughout the section, indicating a well-preserved assemblage. All taxa are typical of the early Middle Miocene of California, as described by Hanna (1 9321, Wornardt (1 973) . and Barron (1 976 Barron (1980) (text-fig. 2 ). The assemblages also correlate with North Pacific Diatom Zones XXlll to XX of Barron (1976 (Barron, 1980) and in the Southern California Continental Borderland (Barron, unpublished data) .
The top of subzone "a" and the base of subzone "b" of the Denticulopsis lauta Zone is malrked by the first occurrence of Denticulopsis hyalina (Schrader) Simonsen in sample L22. This subzonal boundary is recognizable in both offshore and onshore sections in the California area (Baldauf and Barron, 1980; Barron, 1981) .
Denticulopsis hustedtii first occurs in sample L27 near the top of the section. Unfortunately, a 40-m-thick covered section below L27 prevents accurate placement of the boundary between the D. hustedtii-D, lauta and the 0 . lauta zones. Presumably, this boundary does not lie too far below sample L27, because the overlying samples L28 and L24 contain assemblages more typical of the lowermost portions of subzone The absence of Denticulopsis hustedtii from samples L28 and L24 above the common occurrence of 0. hustedtii in sample 27 is not typical. The normal sequence observed throughout the middle latitudes of the North Pacific is initial sparse 0. hustedtii followed upsection by more common and consistent occurrences of the species (Barron, 1981) . The presence of Coscinodiscus plicatus Grunow and C. praeyabei in samples L28 and L24 ensure their assignment to the subzone "a" of the Denticulopsis hustedtii-D. lauta Zone, so that the absence of D. hustedtii in samples above L27 evidently represents either ecological or preservational exclusion. The latter is doubtful, because relatively delicate taxa including Mediaria splendida, Rhizosolenia styliformis Brightwell, Rouxia diploneides, and Synedra jouseana occur in both samples.
Text- figure 3 shows the correlation of the diatom biostratigraphy of the type Luisian with the international time scale, planktic foraminiferal zones of Blow (1 969) , and coccolith zones of Bukry (1973 Bukry ( , 1975 southern California and Baja California. Consequently, the type Luisian correlates with the early Middle Miocene between about 16.0 and 14.0 Ma, with planktic foraminifer Zones N8 through N11, and with the uppermost part of the Helicosphaera ampliaperta to lower part of the Discoaster exilis coccolith zones. These relations are supported by Poore's (in Addicott et al., 1978) study of Luisian coccoliths from the area, although Poore initially recognized only planktic foraminiferal Zones N8 and N9 in these rocks. Lipps's (1 967) general correlation of Luisian rocks in California with the upper part of Zone N8 through the lower part of N12 is nearly identical with the correlation of the type section shown in text-figure 3.
Time equivalence of rocks containing Luisian benthic foraminiferal assemblages was disputed in part by Crouch and Bukry (1979) . Baldauf and Barron (1980) correlated the Luisian-Mohnian boundary of Warren (1972) in the Upper Newport Bay section, south of Los Angeles, with the uppermost part of the D. lauta Zone, a horizon slightly older than the top of the type Luisian section suggested by this study. In general, Luisian benthic foraminiferal assemblages have shown little diachroneity in relation to diatom biostratigraphy in strata studied by Barron (1976, unpublished data) from 
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southern California. Data on boundaries from measured sections, however, are sparse, and assessment of the chronostratigraph~c value of benthic foraminifera1 correlations of the Luisian Stage awaits future study.
The type Luisian diatom assemblage is composed primarily of planktic taxa (text- fig. 4 ). The benthic-tychopelagic component is seldom as great as 20% of the assemblage, although it increases dramatically to a maximum of 36% at the top of the section. Resting spore abundances are typically less than 5%, and peaks parallel those of the benthic-tychopelagic taxa. Benth~c foraminifera1 studies (McDougall, oral communication, 19801 suggest that many of these fluctuations may be due to downslope transport. Sample L24 The Denticulopsis group represents a cold-water component, because these species are consistently more common at the more northern latitudes of the Pacific during the Miocene, and because D. seminae Simonsen and Kanaya (1961) , the modern representative, is a northern boreal species (Kanaya and Koizumi, 1966; Jouse et al., 1971 Gombos, 1975; Schrader, 1978) . Although S. jouseana is also a common constituent of early Middle Miocene diatom assemblages from middle to high latitudes of the North Pacific (Burckle, 19781 , it declines in abundance in the late Middle Miocene (Schrader, 1973; Barron, 1976 Barron, , 1981 , presumably in response to climatic cooling. Consequently, for purposes of this study S. jouseana is considered to represent a warm-water component. This conclusion is supported by S. jouseana's inverse relationship with respect to Denticulopsis spp., a cold-water group, in text-figure 5. ., I . (Kleinpell, 1938) , planktic foraminifers (Ingle, 1973) , and coccoliths (Crouch and Bukry, 1979) and is supported by the in-1 Adoption of this model suggests cool to temperate conditions at the base of the section, followed upsection by a warming trend beginning with sample L7 and culminating in sample L14. A cooling trend followed with some incorporated fluctuation and with pronounced intensification at about sample L27 at the top of the type Luisian Stage.
> \ creased siliceous character of overlying rocks. i
It is necessary to determine whether these temperature trends are applicable over a broad area or merely represent local basin conditions reflecting coastal con-I figuration. For example, Middle Miocene diatom assemblages from Upper Newport Bay (Barron, 1976) generally possess less of a warm-water component than equivalent assemblages from offshore southern California (Barron, 1981 ) , implying an offshore to / I onshore temperature gradient. Trends in equivalent sections in California should be compared to this study, and completion of studies of the type Luisian benthic foraminifers, planktic foraminifers, and coccoliths (Poore et al., 1981) will allow direct comparison within the area. Fluctuations in benthic and tychopelagic diatoms are interpreted to be due to downslope transport, with the exception of probable shoaling at the top of the section.
4, Interpreted climatic cooling in the upper part of the section is supported by both megafossils and microfossils and corresponds to similar events in the Pacific as shown by oxygen isotope studies.
APPENDIX Description of a new species
Genus COSCINODISCUS Ehrenberg
Coscinodiscus volutus Baldauf , n. sp. Plate 2, figures 1-4; plate 3, figure 2 Description: Valve circular, 35 to 85 p m in diameter, center slightly depressed, possessing distinct nodule.
Areolae round, 6-7 in 10 pm in size, from near center to approximately three-fifths of radius where they increase slightly in size (5 in 10 pm) toward margin. Areolae radially arranged, exhibiting slight fasciculation; pronounced secondary spiral present. Center of areolae pattern displaced from center of valve. Margin indistinct but possessing, at intervals of 10-1 5 pm, tabular hyaline areas 1-2 p m square (see pl. 2, fig. 2 ).
Submarginal labiate processes 1 p m in length on underside, at intervals of 10 p m (see pl. 2, fig. 3 ).
Remarks:
The absence of a central subcircular cluster of areolae surrounded by a hyaline band, the presence figure 91 pl. 11, figs. 1, 2. Synonym: Dicladia pylea Hanna and Grant, 1926, p. 142, pl. 16, figs. 4, 5. Cledogr8mma dubium Lohrnan, 1948, p. 168, pl. 9, fig. 5; Schrader, 1973, p. 702, pl. 13, figs. 17, 18, 21; PI. 24, fig. l l a ; Barron, 1975, p. 128, pl. 5 . fig. 10 .
T E M P E R A T E W A R M COLD
Cocconeis coststa Gregory, 1855, P, 39, PI. 4, fig. 10 : Hustedt, 1933, p. 332, fig. 785 ; Sheshukova-Poretzkaya, 1967, p. 44, fig. 4 .
Cocconeis dirupta var. triumphis (Hanna and Grant) Frenguell~, 1949, p. 11 1, pl. 6, fig. 9 . Synonym: Cocconeis triumphis Hanna and Grant, 1926, p. 135, pl. 14, figs. 11-13; Wornardt, 1967, p. 80, fig. 182 . Gregory, 1857, p. 490, pl. 1, fig. 23 ; Hustedt, 1933, p. 343, fig. 797 ; Barron, 1975, p. 130, pl. 5, fig. 16 . Ehrenberg, 1838, p. 194, pl. 14, fig. 8; Hustedt, 1933, p. 338, fig. 790 ; Barron, 1975, p. 130, pl. 5, fig. 19 .
Cocconeis distens
Cocconeis scuteiium
[Plate 6, figure 11 Cocconeis vitrea Brun. 1891, p. 19. pl. 18, fig. 2 ; Kanaya. 1959, p. 110. fig. 6 ; Wornardt, 1967, p. 81, figs. 183-184. Ehrenberg, 1844, p. 77; 1854. pl. 18, fig. 45; pl. 33, figs. 7, 15; Hustedt. 1928, p. 452, fig. 250; Wornardt. 1967, p. 20, figs. 14-18; Barron, 1975, p. 132 , pl. 6. fig. 3 .
Coscinodiscus asteromphaius
Coscinodiscusgigas var. diorama (Schmidt) Grunow, 1884, p. 76; Rattray, 1890, p. 542, fig. 94; Barron, 1975, p. 133, pl. 6, fig. 11 . Synonym: Coscinodiscus diorama Schmidt in Schmidt et al., 1874 Schmidt et al., -1959 . pl. 64, fig. 2 . Greville. 1866 , p. 78, pl. 8, figs. 8-1 0: Reinhold, 1937 Schrader, 1973, p. 703, pl. 8, figs. 1-6, 10, 15 .
Coscinodiscus Iewisianus
Coscinodiscusmarginatus Ehrenberg, 1841a. p. 142; 1854, pl. 18, fig. 44 ; Hustedt, 1928, p. 416, fig. 223; Hanna, 1932, p. 181 Coscinodiscus nitidus Gregory, 1857 , p. 499, fig. 45: Hustedt. 1928 Wornardt, 1967, p. 27, figs. 30, 31; Barron, 1975, p. 134, pl. 7, fig. 3 . Schmidt, 1878 , in Schmidt et al.. 1874 fig. 16 ; Rattray, 1890. p. 513, fig. 65 : Hustedt, 1928, p. 418, pl. 224; Wornardt, 1967, p. 27, fig. 32 . [Plate 3, figure 11 Coscinodiscus oeuIus-iridis Ehrenberg. 1839, p. 147: 1 854. pl. 1 8, fig. 42 ; pl, 19, fig. 2 ; Hanna, 1932, p. 183, pl. 9, fig. 4 ; Barron, 1975, p. 135, pl. 7 . fig. 9 . [Plate 5, figure 11 Coscinodiscus plicatus Grunow. 1878 in Schmidt et al., 1874 Grunow, 1884, p. 73, pl. 3c, fig. 10; Schrader, 1973, p. 703, pl. 6, fig. 23 . Schrader. 1973, pl. 6, fig. 16; p!. 7, figs. 17-20, 22, 23. [Plate 3, f~gure 41
Coscinodiscus obscurus
Coscinodiscus praeyebei
Coscinodiseus saiisburyanus Lohman. 1948 Lohman. , p. 164. pl. 7. fig. 5: 1974 Coscinodiscus tubercufetus Greville, 1861, p. 42, pl. 4, fig. 6; Grunow. 1888, p. 30. pl. 3, fig. 29 ; Rattray, 1890a, p. 482; Kolbe. 1954, p. 35, pl. 1, fig. 11. [Plate 4. figures 3. 5, 81 Coscinodiscus vetustissimus Pantocsek, 1886, p. 71, pl. 20, fig. 186; Rattray, 1890a, p. 477, fig. 29; Hustedt. 1928, p. 412. fig. 210; Andrews, 1976, p. 12, pl. 3, fig. 3. Description: Valve circular, observed specimens ranging from 52 to 87 p m in diameter. Central region slightly depressed containing distinct variably shaped nodule, also distinct, irregular to subcircular cluster of areolae. Cluster approximately 6-9 p m broad, and surrounded by narrow hyaline band. Areolae hexagonal increasing slightly from center (6 in 10 pm) to radius (5 in 10 pm), then decreasing to margin (7 in 10 ~m ) .
Areolae arranged in radial rows, with fasciculated pattern. Longest radial rows extending from center to margin and parallel to edge. Margin narrow and finely striated (18 in 10 pm).
Remarks: Coscinodiscus vetustissimus can be readily distinguished from other Coscinodiscus species by its irregular central cluster of areolae, which is surrounded by a distinct hyaline band. [Plate 3, figures 5-71
Craspedodiscus cminodiscus Ehrenberg, 1 W b , p. 266; 7 854, pl. 18, fig. 108 ; Rattray, 1890a, p. 600; Kolbe, 7954, p. 36, pl. 1, fig.  4 ; Kanaya, 1971, p. 555, pl. 40.4, figs. 1-3. Craspedodlscus rhombicus Grunow. 1881 in Schmidt et al., 1874 Wornardt, 1967, p. 33, figs. 44, 45; Barron, 1975. p. 137. pl. 8 fig. 97 ; pl. 30. fig. 313 ; Lohman, 1948, p. 180. pl. 11, fig. 11 Denticulopsis nicobarica {Grunow) Simonsen, 1979 , p. 65. Synonym: Denticula nicobarica Grunow, 1868 . [Plate 7, figure 61 Denticulopsis punctate (Schrader) Simonsen, 1 979, p. 65. Synonym: Denticula punctata Schrader, 1973, p. 705, pl. 1, figs. 25-30; pl. 3; figs. 16, 17. [Plate 7, figure 71 Diploneis interrupts (Kiitzing) Cleve, 1894, p. 84; Hustedt, 1937, p. 604, fig. 1019 ; . p. 140, pl. 8, fig. 15. Synonym: Navtcula interrupts Kiitzing, 1844 . (Brebisson) Cleve, 1894, p. 96; Hustedt. 1937. p. 647, fig. 1051 ; Barron, 1975. p. 140, pl. 8, fig. 17 . Synonym: Navicub smirhii Brebisson in Wm. Smith, 1856. p. 92 .
Diploneis smifhii
Dosetie lacera (Forti) Hanna, 1932, p. 190, pl. 1 1, fig. 3; Wornardt, 1967, p. 72, figs. 144, 145; Barron, 1975, p. 140, pl. 8, fig. 23. Synonym: Xanthiopyxis lacera Forti in Tempere and Peragallo, 1910, p. 197 .
Entopyla australis var. gigantea (Greville) Fricke, 1 902 in Schmidt et al., 1874 Schmidt et al., -1959 Wornardt, 1967 , p. 80, figs. 177-180: Barron, 1975 . Synonym: Gephyria gigantea Greville, 1866, p. 122, pl. 11, figs. 7, 8. [Plate 7, figure 141 Glyphodiscusstellatus Greville, 1862, p. 91, pl. 9, fig. 5; Wornardt, 1967, p. 58, fig. 120a; Schrader. 1973, p. 705, pl. 22, fig. 6 . Ehrenberg, 1841 b, p. 406; 1854, pl. 18. figs. 92-93; Karsten, 1928, p. 301, fig. 419b : Hanna, 1932, p. 192, pl. 11, figs. 4-6. Grammatophora angulosa Ehrenberg, 1839, p. 153; 1841 b. PI. 1. fig. 3 ; Hustedt, 1931, p. 39, fig. 564; Barron, 1975, p. 142, pl. 9, fig. 10 . Hanna and Grant, 1 926, p. 146, pl. 16. figs. 11, 12, 14; Lohman, 1974, p. 354, pl. 6, fig. 3; Barron, 1975, p. 143, pl. 9, fig. 11 . Grunow, 1884, p. 66; Hustedt, 1930. p. 880; Hanna, 1932, p. 193, pl. 11, fig. 7; Lohman, 1974, p. 349, pl. 5, fig. 6. Hyalodiscus rsdistus (0' Meara) Grunow in Cleve and Grunow, 1880, p. 117; Grunow, 1884, p. 93; Hustedt, 1928, p. 195 . fig. 135 . Synonym: Pyxidicula radiata O'Meara, 1877, p. 58, pl. 1, fig. 9 . [Plate 6, figure 31 Liradiscus bipolaris Lohman. 1948, p. 165, pl. 8, fig. 5; 1974. p. 346, pl. 4, fig. 1 Greville, 1861. p. 79, pl. 10, fig. 1; Hanna and Grant, 1926, p. 167, pl. 20, fig. 12; Wornardt, 1967, p. 38 
Goniotheu'um rogersii
Grammafophora merletta
Hemiaulus polymorphus
Stlctodlscus cslifornicus
